Coronary sinus (CS) pacing has been shown to prevent induction of atrial fibrillation (AF) by suppression of the propensity of atrial premature beats at high right atrium (HRA) to induce local conduction delay at the posterior triangle of Koch. However, other mechanisms of CS pacing in preventing induction of AF have not been explored. This study investigated whether a differential conduction delay exists between the HRA and distal CS pacing in patients with paroxysmal AF but not in patients without AF. Nine patients with atrioventricular reentrant tachycardia utilizing a left accessory pathway undergoing catheter ablation were included in this study. Group 1 consisted of 5 patients with clinically documented paroxysmal AF and group 2 4 patients without a history of AF. The effective refractory periods (ERPs) of HRA, distal CS, and four different left atrial sites were determined. The interatrial conduction time and conduction delay between the HRA and distal CS during HRA or distal CS pacing were measured. The interatrial conduction delay (ICD) from the HRA to the distal CS during HRA pacing was significantly longer than that from the distal CS to the HRA during distal CS pacing in patients of group 1. However, the ICD from the HRA to the distal CS during HRA pacing was not significantly longer than that from the distal CS to the HRA during distal CS pacing in group 2 patients. A differential conduction delay between the HRA and the distal CS pacing is present in this specific population of patients with paroxysmal AF but not in patients without AF. The shorter conduction delay during DCS pacing may contribute to the prevention of induction of AF. (Jpn Heart J 2002; 43: 231-240) 
stimulation at the right atrial appendage (HRA) causes a greater conduction delay to the distal coronary sinus (DCS) than atrial premature stimulation at the DCS. 2, 3) The incremental conduction delay at different atrial regions during HRA pacing has been shown to be significantly attenuated by "biatrial pacing" defined as pacing simultaneously from the HRA and the DCS. 2, 4) The wavelength for circus movement in the heart has been defined as the distance traveled by the depolarization wave during the duration of the refractory period (wavelength=conduc-tion velocity X refractory period). When the wavelength of a premature impulse is short, either by depressed conduction or shortened refractoriness, small areas of conduction block may set up reentrant circuits, leading to induction of atrial fibrillation (AF). 5, 6) This concept is supported by the human studies in which HRA pacing induced AF. In contrast, CS pacing has been shown to prevent induction of AF by suppression of the propensity of atrial premature beats at the HRA to induce local conduction delay at the posterior triangle of Koch. 7, 8) However, it is not clear if this is the sole mechanism of CS pacing responsible for the prevention of induction of AF.
Traditionally, electrophysiological properties of the LA are evaluated by CS stimulation. However, a comparison of the electrophysiological properties of the LA evaluated by CS (ie, LA epicardial) stimulation with those by LA endocardial stimulation has never been conducted.
The purposes of this study were to compare the electrophysiological properties of the LA evaluated by CS stimulation with those evaluated by LA endocardial stimulation, evaluate the effects of HRA and DCS pacing on atrial electrophysiological properties, and explore other possible mechanisms of DCS pacing for preventing induction of AF.
PATIENTS AND METHODS

Study patients:
The study group consisted of 6 men and 3 women with a mean age of 48±7 (SD) years. They were referred for electrophysiological study and catheter ablation of documented supraventricular tachycardias (Table I) . Electrophysiological studies confirmed the diagnosis of atrioventricular reentrant tachycardia mediated by only one left accessory pathway in each patient. The accessory pathways were located at the left lateral atrioventricular ring in 6 patients and left posterior in 3. Radiofrequency catheter ablation was performed successfully in each patient via a retrograde approach through the right femoral artery. None had documented pulmonary, thyroid, hypertensive, or ischemic heart disease evaluated by coronary artery angiography or structural heart diseases evaluated by transthoracic echocardiography. These patients were divided into two groups. Group 1 consisted of 5 patients with clinically documented paroxys-Vol 43 No 2 mal AF at least 1 time within 1 year prior to electrophysiological study (1.2±0.4, range 1-2 times) and AF was inducible by premature atrial extrastimulation after catheter ablation. Previous studies have shown that atrial abnormalities independent of the accessory pathway play an important role in the onset of AF in the Wolff-Parkinson-White syndrome and successful catheter ablation of the accessory pathways prevents further recurrence of AF. 9, 10) Therefore, the possible role of the accessory pathway in the induction of AF could be excluded in the group 1 patients. Group 2 consisted of 4 patients without a history of AF or atrial flutter and AF could not be induced by premature atrial extrastimulation. There was no significant difference in age between the two groups (50.8±4.4 versus 45.0±9.4 years, P=0.26). Written informed consent was obtained from each patient. The study protocol was approved by the Institutional Committee on Human Research of our institution. Electrophysiological study of both atria and coronary sinus: All antiarrhythmic drugs were discontinued for at least 5 days prior to the procedure. Each patient was studied in a fasting, nonsedated state. After catheter ablation, patients underwent electrophysiological study to evaluate the electrophysiological properties of both atria and CS. Electrophysiological studies were performed by means of the following catheters: a 6F 5-mm-spaced quadripolar electrode catheter placed in the HRA, a 7F steerable 2/5/2-mm-spaced, 2-mm-tip quadripolar electrode cath- region, and left atrium adjacent to the DCS (LADCS)]. The ostia of the pulmonary veins were verified by the levophase of pulmonary artery angiography (Figure) .
The distal electrode pairs of the HRA, RPS, DCS, RUPV, LUPV, LPS, and LADCS catheters were used for bipolar pacing. The stimulus output had a pulse width of 2 ms and was consistently set at twice the diastolic threshold. Threshold values ranged from 0.4 to 1.3 mA for the HRA stimulation, 0.5 to 1.4 mA for the DCS, 0.7 to 2.1 mA for the RUPV, 0.8 to 2.2 mA for the LUPV, 0.7 to 2.1 mA for the LPS, 0.6 to 1.6 mA for the RPS, and from 0.6 to 2.0 mA for the LADCS. Surface electrocardiograms (I, aVF and V1) and all intracardiac bipolar recordings filtered at 30-500 Hz were displayed on an oscilloscope and recorded at a paper speed of 200 mm/s (Prucka Engineering, Inc).
The effective refractory periods (ERPs) of all intra-atrial sites were determined with a drive cycle length of 400 ms at each atrial site. Each ERP determination was performed after continuous atrial pacing at a 400-ms cycle length (S1) for 20 beats. Continuous capture of the local atrial tissue was ensured by bipolar electrograms and fluorosopic examination. An extrastimulus (S2) was initially delivered at a coupling interval less than the atrial refractory period, and it was incremented by 2 ms until 3 consecutive atrial captures. The atrial ERP was defined as the longest S1-S2 interval that failed to have consistent atrial depolarization.
Measurements of conduction time and duration were performed at a sweep speed of 200 mm/s with electronic calipers. The interatrial conduction time (ICT) from the HRA to the DCS was defined as the interval from the stimulus pulse to the atrial deflection of the DCS for the basic stimulation at the basic cycle length of 400 ms during HRA stimulation. The ICT from the DCS to the HRA was also measured during DCS stimulation. The maximum conduction time (MCT) was defined as the longest interatrial conduction time when programmed atrial extrastimulation at a basic cycle length of 400 msec was performed until the atrial ERP was reached. The interatrial conduction delay (ICD) was defined as the increase in the interatrial conduction time as a result of premature atrial stimulation at the HRA or DCS compared to the ICT of the basic cycle length (the difference in conduction time between MCT and ICT). Although the presence of local latency at the stimulus site may influence the degree of conduction delay at other intraatrial sites, the small local atrial delay (<30 ms) at the stimulus site 8) should have a minimal effect on comparison between ICTs.
Previous studies have demonstrated that the temporal recovery of the post-AF atrial ERP in humans occurs within 6 minutes and the ERP and conduction time determinations can be performed 15 minutes after an acute AF episode. 2, 11) Therefore, in our study, the induction of AF by premature atrial extrastimulation (S2) was repeated twice during HRA or DCS pacing. If AF was induced by extrastimulation, it was allowed to convert to sinus rhythm spontaneously (usually within 15 minutes). The ERP and interatrial conduction time determinations were restarted at least 15 minutes after an AF episode. AF was inducible by premature extrastimulation (S2) only during HRA pacing in each group 1 patient. However, AF was not inducible by a single premature extrastimulation in the group 2 patients.
The electrogram width of the RPS (recorded from the distal pair of RPS electrodes) was measured from the beginning of the first deflection from the isoelectric line to the end of the last deflection from the isoelectric line. Statistical analysis: All data are expressed as the mean±SD. The differences between groups were compared with the Student t test. The differences within the same group were analyzed with repeated measures of ANOVA or paired t test. A value of P<0.05 was considered statistically significant.
RESULTS
Comparison of effective refractory periods among coronary sinus, right and left atria: The ERPs of the HRA, RPS, DCS, and four different left atrial sites (LPS, LADCS, RUPV and LUPV) are summarized in Table II . The HRA ERPs were significantly shorter than ERPs of the four different left atrial sites (P=0.005).
The RPS ERPs were also significantly shorter than the LPS ERPs (P<0.02). The LADCS ERPs were not significantly different from the DCS ERPs (P=0.44). The ERPs of the four different left atrial sites were similar (P=0.48). The HRA ERPs were not significantly different from the RPS ERPs (P=0.09).
Comparison of the electrophysiological properties of coronary sinus and both atria between groups 1 and 2:
The RPS ERPs of patients in group 1 were significantly shorter than those of patients in group 2 (Table III) . The ERPs of HRA, LPS, DCS, LADCS, RUPV, and LUPV of patients in group 1 were shorter than those of patients in group 2, although the differences did not reach statistical significance. The basic P waves or RPS durations (at basic and during HRA, DCS, and LADCS pacing) did not differ between the two groups. The baseline ICTs from the HRA to the DCS were similar between group 1 and group 2 (78.6±7.7 versus 77.3±5.9, P=0.78). The ICDs from the HRA to the DCS during HRA pacing group 1 patients were longer than those in group 2 patients (63.8±34.7 versus 49.0±14.7, P=0.46), although the differences were not statistically significant.
The ICTs from the HRA to the DCS during HRA pacing were not significantly longer than the ICTs from the DCS to the HRA during DCS pacing in group 1 patients (Table IV) . The MCTs from the HRA to the DCS during HRA pacing were significantly longer than the MCTs from the DCS to the HRA during DCS pacing in group 1 patients. The ICDs from the HRA to the DCS during HRA pacing were also significantly longer than the ICDs from the DCS to the HRA during DCS pacing in group 1 patients. However, the ICTs, MCTs, and ICDs from the HRA to the DCS during HRA pacing were not significantly longer than ERP=effective refractory period; other abbreviations as in Table II . P # <0.01, Group 1 versus Group 2. ICT=interatrial conduction time from the HRA to the DCS during HRA pacing or interatrial conduction time from the DCS to the HRA during DCS pacing; MCT=maximum interatrial conduction time at atrial premature stimulation; ICD=interatrial conduction delay, the difference between MCT and ICT; other abbreviations as in Table II. those from the DCS to the HRA during DCS pacing in group 2. The MCTs from the HRA to the RPS during HRA pacing were not different from the MCTs from the RPS to the HRA during RPS pacing in group 1 (120.0±54.2 versus 94.8±34.8, P=0.41). Also, the ICDs from the HRA to the RPS during HRA pacing were not different from the ICDs from the RPS to the HRA during RPS pacing in group 1 (52.4±27.4 versus 27.8±14.4, P=0.12). The MCTs from the RPS to the DCS during RPS pacing were not different from the MCTs from the DCS to the RPS during DCS pacing in group 1 (59.2±22.8 versus 64.8±17.0, P=0.67). Likewise, the ICDs from the RPS to the DCS during RPS pacing were not different from the ICDs from the DCS to the RPS during DCS pacing in group 1 patients (34.2±16.0 versus 26.6±15.5, P=0.47). In addition, the MCTs from the LADCS to the HRA during LADCS pacing were not different from the MCTs from the DCS to the HRA during DCS pacing in group 1 (117.2±26.1 versus 123.8±47.7, P=0.79).
The ICDs from the LADCS to the HRA during LADCS pacing were not different from the ICDs from the DCS to the HRA during DCS pacing in group 1 patients (32.0±10.1 versus 29.4±20.7, P=0.81).
DISCUSSION
Major findings: Firstly, the HRA ERPs were significantly shorter than the ERPs of the four left atrial sites. Secondly, the DCS ERP did reflect the ERP of the local left atrial tissue. Thirdly, the conduction delay from the HRA to the lateral left atrium adjacent to the DCS during HRA pacing was significantly longer than that from the DCS to the HRA during DCS pacing in patients with paroxysmal AF but not in patients without AF. Differential conduction delay between HRA and DCS pacing: In our study, the MCT and ICD from the HRA to the DCS during HRA pacing were significantly longer than those from the DCS to the HRA during DCS pacing only in patients with paroxysmal AF but not in patients without AF. The mechanism of the different conduction delays between these two groups of patients is not clear. The inferior interatrial pathway activating the HRA via a specialized atrial pathway has been demonstrated. 1, [12] [13] [14] Recently, a human study by Asirvatham, et al 15) has shown that the musculature of the CS serves as a special conduction pathway such that a conduction wavefront during DCS pacing reaches the LA adjacent to the proximal CS first with subsequent LA activation in the opposite direction. Therefore, we proposed that in patients with paroxysmal AF (group 1), these pathways can be utilized during DCS pacing but not during HRA pacing. In our study, the conduction delay between the HRA and the RPS during HRA pacing and RPS pacing were similar. The conduction delay between the RPS and the DCS during RPS pacing and DCS pacing were also similar. Therefore, the longer conduction delay between the HRA and the DCS during HRA pacing relative to during DCS pacing suggests that these pathways are not preferentially used during HRA pacing in patients with paroxysmal AF. Other than the interatrial Bachmann bundle, the LA is devoid of any specialized atrial pathway. 1, 14) Therefore, conduction time from a HRA pacing site through LA musculature to the lateral LA should be longer than that from the DCS via the specialized atrial pathways to the HRA during DCS pacing in patients with paroxysmal AF. In contrast, the similar conduction delay between the HRA and the DCS during HRA pacing relative to during DCS pacing in patients without paroxysmal AF suggests that the specialized atrial pathways are used during both HRA and DCS pacing in these patients.
Our results differed from those of Ishimatsu, et al 3) who showed that the MCT from the HRA to the DCS during HRA pacing was significantly longer than that from the DCS to the HRA during DCS pacing in patients with or without paroxysmal AF. This discrepancy is not apparent but could be due to a different patient population. However, our data did support the concept that AF occurred at a short wavelength as a result of slow conduction. 5, 6) Coronary sinus pacing preventing induction of atrial fibrillation: There is little doubt that AF constitutes a reentrant arrhythmia. In the face of short refractory periods and slow conduction, reentry is permissible even in small areas of conduction block. 16, 17) Multiple reentering wavelets may start to wander through the available tissue and result in AF, when the wavelength is short enough. Patients with AF have been shown to have a higher tendency to develop slow intraatrial conduction (longer conduction time), as well as a shorter effective refractory period than patients without AF. 6) In our study, the ERPs of HRA and DCS in patients with paroxysmal AF were shorter than those of patients without AF, although the differences did not reach statistical significance. However, the MCT and ICD from the HRA to the DCS during HRA pacing were significantly longer than those from the DCS to the HRA during DCS pacing in patients with paroxysmal AF. On the other hand, the MCT and ICD from the HRA to the DCS during HRA pacing were not significantly longer than those from the DCS to the HRA during DCS pacing in patients without AF. Therefore, in patients with paroxysmal AF, atrial premature beats cause a differential conduction delay between HRA and DCS pacing. This existence of a differential conduction delay between HRA and DCS pacing might provide a mechanism by which DCS pacing prevents induction of AF in patients with paroxysmal AF. Study limitations: The first limitation of this study is the small number of study patients. However, our results did provide evidence that the conduction delay from the HRA to the lateral left atrium adjacent to the DCS during HRA pacing was significantly longer than that from the DCS to the HRA during DCS pacing in patients with paroxysmal AF but not in patients without AF. The second limitation of the study is that our findings are based on the observation of patients with normal heart size and function and without organic heart disease. Conclusions: In conclusion, a differential conduction delay between HRA and DCS pacing is present in this specific population of patients with paroxysmal AF but not in patients without AF. The shorter conduction delay during DCS pacing may contribute to the prevention of induction of AF. The DCS ERP reflects the ERP of the local left atrial tissue.
